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ABSTRACT 


TH$  dispersal  in  tint*  and  sea  of  radioactive  contamination  produced  by  a  deep  underwater  atomic  blast 
was  studied.  Instrumentation  methods  obtained  radiation  intensity  versus  depth  information  for  several  sur¬ 
face  location#,  and  continuously  monitored  a  sea-water  iatske  line  aboard  ship.  Surface  contamination 
measurements  ‘were  also  made.  This  work  wss  performed  in  conjunction  with  marine  biological  surveys  by 
the  University  at  Washington  and  oceanographic  studies  by  tbe  Naval  Hydrographic  Office,  A 
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1  a  The  origins!  concept  for  this  study  wet  proposed  by  Dr.  W»R»  Boss,  Zoology 

!  Department,  University  of  Syracuse,  Syracuse,  New  York, 
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I  This  project  wss  supported  jointly  by  the  Division  of  Biology  and  Medicine, 

Atomic  Bnergy  Commission, >«nd  the  Naval  Medical  Research  Institute, 

Classified  figures  removed  from  this  report  are  available  from  Lt.  J.  W. 
Duckworth,  with  proper  clearance  certification. 
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INTRODUCTION 


iSe  ftahebedi 1  iw "  insane  e>  xi1 1  w4ah  dm  IfttiOQ  nab*  warns1 


■sera  agraphia  was  firms 

jpapllifl  Offin  aida*  ftnjae»Iul)*Pre-  aad  peet-shot  marine  biological  mediae  were  eoedtcted  by  the 
University  of f  ashisgtoa  representatives  of  Prop**  40#  Thir  report  will  ceataiffie  reealu  of  ibwthied 
rimifi  lln  eft  feasibility  etedy  of  sea-water  radiological  monitoring  method*  raadaby  the  Naval  Medical 
Research  Institute  por«on»«l  ia  aaaociatio#  with  Program  4Qpn£s  reported}, « 
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The  dispersal  of  radioactive  contamination  produced  by  a  deep  iidiwalcrakatii  aot  well  wadtretood. 

The  distribution  in  lame  and  sea  of  radioactive  mauriae  biological  specimens  b**  beta  studied  several 
tisnea.  Oceanographic  factor*,  each  an  prevailing  carreota,  water  teatptrataras,  aaliaity,  ate.,  Hava  beta 
investigated  for  the  parpose  of  correlating  dispersal  phenomena.  The  present  study  provided  several  in* 
stramoatal  approaches  to  aapplaataat  these  efforts#  The  original  objective  of  stedyiag  the  feasibility  of 
several  iaetruatnt  designs for  monitoring  (l)  the  waters  ^Mediately, external  to,  aid  (2)  the  internal  h» 

water  aapply  of4», ship,  waa meiataiaed.  >vs4~**va 
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PROCEDURE 
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ImtlrumetUcUioH  c 

limited  preparatioa  time  dictated  the  adaptation  of  axiating  sqaipmsst  wbare  possible.  A  quick  esti¬ 
mate  was  made  of  aeaaitivity  sad  fractional  reqnirsmeats  for  the  determination  of  radlatiea  iateasity  at 
vsriona  depth*  ia  era  water#  Certaia  Drill  Hols  loggia g  equipment,  developed  by  the  lastraasate  Breach 
of  the  Health  aad  Safety  Laboratory,  was  ^conditioned  aad  made  available  far  this  perpoai. 

A  special  ioaiaatioa  chamber  was  designed  end  fabricated  to  detect  coatamiaatiom  of  the  internal  sea- 
water  supply  of  the  ship.  Standard  Navy  portable  vadiatloa  survey  antintseala  wers  provided  ia  several 
type*  aad  raagea,  sad  a  simple  gamma-ray  spectrometer  was  laclsded, 

Drill  hole  logging  equipment.  -  Thi*  equipment  is  ptclarad  is  figure  1#  A  complste  copy  of  ths  oper¬ 
ating  instructions  prepared  by  the  decigaers  appear*  as  appeadix  B.  The  two  aaits  seed  wore  moo* ted 
rigidly  ia  a  sheltered  thwartehip  passageway  oa  the  boat  deck  abost  midships.  Boom*  sad  blocks  ware 
rigged  to  allow  be*  cable  play  whaa  leweriag  the  probe  iato  the  water.  Depth  casta  were  smIs  oaly  from 
the  port  aide  of  the  ship.  This  aide  waa  always  poeitioaed  into  the  wtad  whes  lyiag  to  asd  drift  lag  dead 
ini  the  water.  Avewge  drift  rate*  always  exceeded  measured  ocaaa  cerreat  speed*. 

o  « 

A  bathythermograph,  which  alone  weight  sheet  40  posads,  was  attached  to  the  radiation  prohe  for  ad¬ 
ditions!  ballaat.  This  technique  made  poeeible  a  meaanre  of  mikim**  depth  nttaiasd  for  aay  cast*  This 
inform  sttoa,  whan  combiasd  with  cable  angle  miansrementannd  know*  cable  footage  i*  see,  gave  m  good 
approximation  of  tree  depth  at  any  time.  The  radiation  preba  was  allowed  to  deacemd  at  e  Msximsm  rate 
coasieteat  with  recorder  sad  read-ost  reepoase  times.  This  asesrod  miaimsm  wirs  aaglsa  sad  pea  at  ra¬ 
tio*  to  maximam  depths.  The  alcw  recovery  rotes  available  made  depth  estimates  more  ascertain  daring 
that  portion  of  a  cast.  The  real  ased  wee  famed  to  contain  approximately  R)0  feel  of  cable, 

The  scintillation  detector*  of  this  equipment  were  designed  to  maaesre  gamma  radio  tie*  i*t«seitis« 
ranging  from  background  (average  0.0015  mr/hr,  at  oea)  np  to  ebrat  lOsr/hr.  (figar*  2),  Lochtdfl  of  asp*  # 
nrate  detectors  at  mesa  deck  level  on  either  vide  of  tke  skip  might  have  provided  s  dtoctiwMl  nnvigs*  ff 
tioaal  aid  toward  ostliniagereee  of  a wface  contamination.  Uafortnnately,  the  ship  won  •abject «d  to  heavy  %. 
fail  loot  just  prior  to  the  f AHOO  evert,  and  the  high  background  rendered  thin  egaipsant  of  little  valet 
far  the  perpose.  However,  available  sensitivity  range*  proved  optisMim  for  depth  probe  stadias, 
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5*&  water  intake  monitor*  *  A  coetiauouely  recording  radiatioe  detector  indicated  the  pressace  of  in¬ 
creased  seer-surface  water  coetamiaetioa  end  gave  tome  concept  of  the  growth  rate  and  amoeat  of  radio¬ 
activity  withis  the  interna!  water  supply  of  the  ship. 


Sen  water  (real  theatain  intake  fa  aeppliedtothe  ship's  evaporator,  Moot  of  the  supply  passes  throegh 
the  cooling  syatam  u*«e  email  amount  >e  need  to  prodace  freak  water*  the  cooling  water  discharge  line 
j***eaWda3i-iaciiK«iig3«aociioaoi3-incJ»(ie»idt«ianieter)pipewiiii iui'iicieafcw^ 

This  liae  waa  actually  fails  close  to  the  sen  iatakc  sad  was  considered,  with  its  high  flow  rate,  to  offer 


nffpfsaeatativs  coatiaueualy  available  samp  Bag  of  tea  watar*  A  large  ioaixatioa  chamber  was  fashioned 
il  two  halvas  Sad  installed  completely  arosad  this  lias*  The  chamber  had  oater  gaard  ahella  of  aluminum 
with  two  concentric  ’4 -inch-thick  carboa  dsggud  locitf  platea  mounted  inside  oa  ataadeff  Kel-P  insu¬ 
la  tom.  A  tf't-iacb  apaciag  was  maintained  betweea  the  plastic  platen  lad  the  tout  active  volume  waa 
ctlcalated  to  la  ahoat  10  litara.  The  two  chaaihor  halves  warn  coaaected  electrically  ia  parallel  sad  the 
whole  assembly  formed  a  robber -gaakettd  moistare- proof  salt.  A  tube  of  silica  gel  drying  agest  waa 
nttaeliad  to  lasers  d»y  air  lor  tie  chamber  cavity  which  waa  flowed  to  aaeame  local  tsmparatare  sad 
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A  800- 1  volt  charging  hattary  was  cons  acted  ia  aeriaa  with  the  chamber  plates  aad  a  Keithley  lastra- 
meats  lac*.  Medal  410  micromicroenncttr.  Output  of  the  ammeter  was  applied  to  ea  Eeterliae-Angaa  0-1 
asilliampere  chart  recorder  which  displayed  the  chamber  ioaixatioa  cerrest  a»  a  faactioa  of  tims. 

Pretest  calibration  experiment#  with  this  chamber  are  iacladsd  in  appendix  A*  The  isatrsmeat  if 
pictured  ia  fight*  3. 


Standard  redUic  equipment,  *  Suadard  Navy  Radiac  eqaipmcat  waa  placed  aboard  the  chip,  presumably 
for  emergeecy  aee  oaly.  Two  AN/PDSt  -  27C  iastraamats,  which  meaemre  ganma  radiatioa  Ea  the  0-  500 
mr/hr.  wage,  ware  1st  laded*  Oae  AN/FDR  -43  (XN-  2),  0-500  r/hr.  range,  aad  aaeerud  gaarts-fiher 
jpocket  ioaixatioa  chambers  were  provided  eleo.  The  AN/PDR-2tfc.*fpetr»meate  were  receatly  calibrated 
mad  agreed  reasonably  well  with  each  other  aad  with  tha  ship's  aarVey  iaatrameata. 

'  \ 

The  kigh  coetamiaatioa  levels  ahoerd  ship  during  the  operstiosal  phases  precluded  the  aee  of  more 
aeaeitive  iaetremeatetioa.  All  eerface  coataatisatiea  outlines  were  performed  by  the  simple  expedient 
of  atatioaieg  a  three -mas  team  ia  the  how  of  the  ship*  equipped  with  the  Navy  sarvey  iaetrameata*  All 
reading*  were  recorded  aloug  with  the  time  eed  other  pertiaeat  iaformatioa.  Readings  ware  traaemitted 
lamedietely  to  the  bridge  by  e  phoae  ulker  system* 


The  gamma  •  ray  epeetrameter,  -  A  simple  pulse  height  aaelyser  wen  assembled  it  the  laboratory.  A 
sodium  Iodide  well  crystal  detector  wea  seed.  A  ehop-bailt  preamplifier  ead  wiadow  aaalyser,  petteraed 
from  n  circuit  developed  by  Dr.  P.  R.  Bell,  el  al  (1),  wee  adapted  for  see  with  e  standard  Navy  Radiec 
computer-indicator  sail*  This  salt,  knows  an  a  CP-79,  ia  a  component  of  the  Rediac  Set  lll)R-9.  It  cot- 
miete  of  as  exceptionally  well  eUhiltxedaad  regulated  high  voltage  sapply,  e  lister  amplifier  aad  tiatiag- 
pulae  genarator  eacticn,  aad  a  decimal  acaliag  indicator.  All  power  requirements  for  t^a  aaalyxar  aad 
preamplifier  were  takes  from  tke  CP *70.  Paleee  from  the  detector  were  applied  ro  ike  linear  amplifier 
mad  the  optput  was  fad  to  the  eeelyaer.  Outpet  of  the  aaalyxer  ceald  he  pat  hack  iato  the  acaliag  indi¬ 
cator  of  tke  CP-79,  er  applied  to  e  separate  retemeter.  A  modified  Nnclsar  iaetremeate  Model  1615  rate- 
aneter  was  need  aad  Its  output  waa  displayed  oa  a  Brows  Electros ik  Chart  recorder. 


The  combieed  iaatrnmeatatioe  was  calibrated  freqaeatly  with  Ce-137  aad  Na-22  coeatiag  eoercee. 
Tkeratemeter  raagee  were  exteaded  toa'ccemmodate  samples  coataiaiag  several  ait  crocaries  of  activity* 
This  equipment  ia  pictared  ia  figare  4. 
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RESULTS 

11. 

Presentation  method* 

Aconeideratioaof all  iaformalioa  accamulated  at  similar  liaiA  aadpoeitioas  will  iaswra  a  proper  per¬ 
spective.  Smooth  plot#  (figure#  37  to  42)  oa  esrfeca  ck-vta  of  the  work  ar a*  akow  poaitioa  of  the  akip 
as  a  faoctioa  of  lisa,  Rediac  earvey  iaetramest  rtadiage  at  tka  bow  atatio*  art  ottered  aa  ikaaa  chert* 
aad  depth  cast  positions  «f«  iadicaiad.  ladivideal  pioia  of  radiaties  iateasity  verses  depth  lava  corra* 
apondiag  cut  somber#  (figeree  22  to  36),  tkaaa  liaeer  plots  akow  recorded  times,  wira  eagles  sad  aar* 
face  radiation  iataaoitiaa.  A  series  of  plots  (figaraa  S  to  IS)  alow  ralativa  radlatioa  iateasity  varaaa 
time  as  recorded  ky  tka  sea  water  iataka  mcaitor.  Ralativa  iateasity  versus  time  iafortaatioa  was  ob* 
tsiaed  also,  with  the  deptk  scintillation  probe  va  a  fixed  poaitioa  at  tka  boat  deck  rail,  wkaa  tka  skip 
was  esdarway  (figaraa  19  to  21).  f  i 

Log  of  ogorrtiom.  -  Tka  skip  wae  lyiag  to  at  a  poottlca  TOOOyarda  lea  the  akot  beoy  oa  abeariag  of 
190°  at  akot  tine.  Tkirty-aevee  minute*  later,  tka  move  toward  a  poaitioa  apwiad  aid  aoatk  of  tka  aero  \\ 
poiat  waa  atartad.  At  H  + 1  hoar,  or  1430,  tka  first  contact  witk  lacreaaad  radioactivity  waa  made.  Ti<ia 
ship's  poaitioa  was  datanaiaad  at  ireqeeat  interval*  by  tka  iatarcapt  of  tbraa  bearings  par  poiat  aad  a 
running  plot  waa  Wadi*  Saiootk  plot  No.  0,002  (ftgur#  37)  akowa  tka  coaraafollowad  aatil  1610,  or  H  + 
2%  Hour*,  ending  at  a  poaitioa  6500  yard*  directly  downwind  at  tka  edge  of  tka  measured  activity. 

Tka  aea  iataka  moaitor  plat  (figure  7)  akowadtka  firat  coated  witk  coataailaatad  water  to  be  at  1451. 
Tkiie  aboald  mark  aa  actaal  edge  of  the  activity  saaa  aid  depict  aa  area  of  “shims"  to  aecoaat  for  ala* 
voted  bow  raadiaga  at  earliar  tiaiaa.  Tka  text  actaal  contact  occarrad  at  1610,  aad  a  deptk  cast  at  tkia 
poiat  sebatiatiatee  tka  presence  of  activity  in  tka  firat  50  fa  at  of  water.  Tka  akip  kad  drifted  partially 
off  tka  active  mass  before  recovery  of  tka  probe, 

A  aarfaca  drogao  waaralaaaad  oxtke  dowawiad  edge  of  tie  active  wave  at  1600  oal6  May.  Tkia  coa- 
aisted  of  a5$-gsllo*  empty  dram  witk  a  pole  aad  flag  attached  abova  tka  water  a efface  aad  a  ayloa  par* 
•chete  suspended  jaet  below  tka  aarfaca. 

After  caetl  waa  completed,  tke  akip  maacaverid  aaatk  to  diaambarka  paaaeagor,  Smooth  plot  0.002A 
poaitioa*  the  eext  direct  coated  at  1904.  Th*  activa  maaa  w  »»  paaatratadtotke  second  highest  recorded 
level  by  tka  aaar-aarfaca  aad  aarfaca  monitors. 

Cast  II  did  akow  aabaarfaca  activity  during  tka  probafa  daacaat  bat  tka  recovery  portion  prodacad 
little  response. 

At  tka  ead  of  cast  II,  tba  akip  proceeded  aoatk  agaia,  drifted,  aad  tkaa  atartad  a  spiral  comae  dar¬ 
ing  •  midwater  fisk  trawl.  Tkia  waa  followed  by  aa  all-night  drift  witk  ao  farther  operation*  aatil  moraiag. 

Cast  HI,  at  1000  oa  17  May,  was  made  about  10.5  miles  weal  of  akot  poiat  sear  tka  aarfaca  drags#  la 
aa  area  coetaiaiag  aamaroaa  dead  fiak  aad  mack  debris.  Little  activity  waa  recorded  avaa  to  tho  500- 
foot  deptk.  lacreaaad  aarfaca  activity  waa  ragSatarad  by  tka  aaa  iataka  moaitor  dariag  tkia  period. 

Cast  IV, at  1248  oa  l7May, waa  made  is  at  area  abeet  Smile#  aortk  of  tie  1000  drogue  poaitioa.  Def- 
iaite  activity  lavela  wart  Recorded  to  daptka  of  300  feat  aad  tka  aaa  iataka  moaiter  showed  a  peak  der- 
itg  this  period. 

In  msaeavoriag  to  cast  IV  positioe,tko  akip  paasod  tkrosgk  as  area  just  4  miles  from  akot  poiat  witk 
ao  measured  activity  iacreaae.  Following  cast  IV,  tka  skip  proceeded  dee  east  toward  akot  kaoy  aad  ia* 
tercepted  a  radioactive  mass  at  1620  oa  17  May  at  a  poiat  actually  a  milt  west  of  tka  aooe  iaective  po* 
eitioe.  A  abort  raa  placed  tka  akip  oe  the  apwiad  aide  of  tke  autaa  as  meaaared  by  detectors  ia  tka  bow.  _ 
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Cut  V  produced  lit  highest  probs  readiags  obtained  at  t  depth  o I  tome  70*160  feet  with  m  apparent 
l#wt»  limit  tl  Ht  active  mu  it  170  f««.  Tit  c«*l  payed  tt|  70S  fttt  pi  cable  with  so  further  activity 
contact.  The  probe  had  drifted  oet  from  under  lit  mete  before  recovery  wee  accomplished  mi  -shewed 
•or  tacreesed  readings  for  the  trip  to  the  a  efface.  ; 

o  ( t  ■ 

Tit  afcip  ret  wet  <1  jmmalisf  sly  to  a  polities  1  mile  eorth  .el  the  start  cl  east  V  t  ad  east  VJ  waa  begsa 

I—  Mini .  .Ill  will  8m— _ _ _ _ .o _ «  _ _ _ 


nmplitnde.  Baring  cast  Vi,  «e  attempt  weaau'drtTp^e&frpfSiirre^'a^ 

the  «^IW"^^=Hlhe'eS»pnil»^2’w^^Ti«ir4fciwj^Si"Oi^p®^i^tlrlt|hitrrit4»a"g»’iit'tlo-widdb= 

depths  at  0040.  A  uiagledrift  over  the  meet  cot  hi  wily  prodnce  information  along  oet  vertical  plane. 
Tit  tit  water  monitor  recorded  increased  activity  et  points  which  coincided  qesiiUtivtly  with  depth 
cent  date*,,.,. 

,t  i  ** 

The  dUciatoe  wee  made  to  perform  a  third  drift  trewl  scrota  the  meea  belwstn  the  lines  of  casts  V 
•»d  Vf,  till  wee  started  at  midnight  slur  making  the  eacoed  midwater  fiah  trawl  over  the  arte  dee  west 
of  caat  V.  Cast  VII  contitted  alt  night  aid  paeetdover  a  petal  of  maximum  activity,  by  surface  monitor, 
betwe«»0230  tad  0166  oe  18  May.  Tha  prthe  wee  et  the  lower  limit  depth  of  the  active  meee  at  thia 
earn#  beer.  Thin  caat  wat  accompliahtd  completely  onwotof-drivaa  power  for  the  cable  reel.  The  probe 
deeceeded  at  e  rate  of  10  feet  per  miaatc  tad  waa  recovered  *t  aboet  half  thia  speed.  At  0430  the  prole 
wee  poeitloeed  with  250  feet  of  cable  oat  aad  a  lie  wad  to  trawl  et  thia  depth  aatil  rooruiag*  Readout  waW 
switched  from  the  depth  veraaa  iatetoity  recorder.This  tract  it  plotted  it  figure  19. 

,  i  ■’  o  "  l> 

if  • 

Cast  VHI  wet  made  tttr  the  that  poiat  at  1037  oe  18  May.  little  activity  ream  toed  ia  this  area. 

Cast  IX  Meaared  soma  activity  at  a  poiat  aortbweet  of  shot  poiat.  Soma  atreamiag  of  watar  ctrraate 
close  aroead  tit  atoll  might  be  aaapacted.  Caet  X  waa  made  a  abort  time  later  at  almot!  the  etme  tar** 
face  position  with  mtch  lower  activity  levele  poeaibly  demoaatretieg  the  peaeieg  of  ea  activity  meee. 

Caete  XI  aid  XII  were  made  at  some  distaace  waat  of  shot  point  tad  prodacad  aeer  background  ra¬ 
diation  la  vela. 


DISCUSSION 

Instrument  reliability 

The  Drill  Holt  Logging  equipment  faactioaad  properly  aatil  after  the  ead  of  coat  XL  A.  loose  coaiec- 
lion,  probably  ia  the  high  voltage  aectioa  of  the  probe,  produced  intermittent  reapoase.  Immediate  re* 
pair  attempt*  failed  bat  n  thorough  check-oat  upon  retire  to  the  laboratory  placed  the  original  probe  back 
ia  operation.  No  watar  leaks  developed  with  this  probe,  evea  at  000-foot  depths.  The  second  probe  ad¬ 
mitted  tali  water,  probably  deriag  Ui  first  immersion,  end  remained  iaoperative  after  the  deeceat  portion 
of  cell  XII, 

O 

( ) 

Storage  batteries  furnished  by  the  «|ip  were  checked  freqaeatly  aider  load nad  exchanged  aa  required. 
Tie  1, 5-volt  battery  ia  the  probe  wat  renewed  at  least  every  8  hoars. 

The  ion  chamber  moaitor  performed  without  incident.  Ot  two  occasions  the  chart  recorder  paper  jam¬ 
med  for  abort  period*  of  time.  This  iietrameet  combiaetioa  operated  coatiaaoealy  ia  a  humid  environ¬ 
ment  with  elr  templratarea  raagiag  to  120°  F,  The  nubility  aad  reliability  o!  the  micromicroammeter 
under  these  extreme  conditions  wat  very  satisfactory. 

4 

All  Navy  Redisc equipment  functioned  as  rated.  The  gimme  spectrometer  produced  data  which  have 
sot  been  evaluated.  ~ 


o 


O 


i  1 


t: 


o 


t\ 

v-l 

InLtrprtMio*  s/reisfl* 

The  d«ptb  probe  Wes  calibrated  agaias*  a  radiem  aowrc*.  A  carve  obtained  appears  ia  figsre  2  ia 
wiiti  of  mr/br.  verse*  caaats  par  secoed.  Tke  Navy  Radiac  tqatpmeat  was  calikratad  ia  sv/kr.  aaita. 
Direct  comparisoa  of  tka  two  iaatraaiaat  types  weald  requir*  similar  exposers  aUaaltoaa.  Tka  bow  sur¬ 
vey  meteis  viewed  a  large  solid  eagle,  bat  wart  shielded  from  ike  aaarky  water  serfacee.  fkaa  ike  depth 
probe  waa  ia  a  fixed  positiea  at  tka  rail  of  the  heat  deck,  ahoat  half  tka  total  solid  aagle  waa  shielded  v 
by  tka  skip  bat  a  better  view  of  asarb y  water*  was  possible* 


4 


* 


Secb  a  coaiperiaoa  i*  aiore  difficult  batwaaa  tka  imamrssd  daptk  probe  sad  tka  sea  iataU  moeitor.  Tka 
Matter  instrument  defined  a  fixed  volume  of  water  calculated  to  ke  about  3  liters.  Ctirroat  readiaga  coaid 
be  converted  tomr/kr.,  ifeertaia  assumptioasare  made  far  tka  coavaraiee  of  radioactivity  to  doaa  aaita* 

Tke  effective  volume  of  coateniaated  watar  raepocaibla  for*  gives  readieg  from  the  oabmerged  probe 
meet  bo  estimated.  A  complete  knowledge  of  source  composition  aad  energy  fpectram  woald  permit  cal* 
cmhtiom  of  these  factors* 

o  ' 

Analysis  of  tke  dete  to  provide  aaefal  iufotmatios  on  dispersal  phenomena  racily  require*  oily  rela¬ 
tive  treatment.  Back  iadividaal  type  of  inabrameat  depicts  radiatioe  intensity  as  a  faactioa  of  poaitioa 
emd  time.  Efficiency  ia  mappieg  diepereel  ie  there  tors  depeedent  apoatks  strategic  sampling  of  position 
emd  time.  X 


CONCLUSIONS 

*> 


Qualitatively,  the  various  type*  of  dete  ohtaieed  egret  well.  A  tkoroagk  aaelyeie  may  permit  eome 
quantitative  correlation  bat  tkis  has  not  bees  attempted  serioeely  ia  tkia  report. 

Tke  following  qualitative  impreaeioae  may  be  iaferred  from  tkit  study: 

/ 

L  Tke  fireball  babble  did  veat  through  tke  water  surface  to  some  axteat.  ^ 

2. '  Tke  beat  earge  pkenoettBa  dietribsted  a  large  amount  of  activity  iatke  upper  water  layers  Over 
in  area  of  about  1-mile  rad  inn. 

3.  Prevailing  winds  carried  airborne  water  and  content  iaatio*  ia  a  westerly  direettes  to  form  an 
initial  elliptical  contaminated  aarface  area  with  tke  leadiag  edge  come  'l\  miles  west  of  abet  point 
it  H  +  2  hours,  This  contamination  extendid  to  deptkn  of  SO  fast. 

4.  Highly  contaminated  araae  may  be  detected  eeeily  from  a  safe  dietaace  to  avoid  actaal  contam- 
iiation  of  a  •kip’*  water  supply, 

5.  Near-surface  coataminatioe  dispersed  rapidly.  Movement  of  tke  aarface  drogae  is  cited. 

6.  At  least  e  major  portioe  of  tke  iaitial  babble  of  coatamiaatioa  was  trapped  below  tke  water  our- 
flee.  A  heniapherical,  active  maaa  ia  eaviaioaed  extending  to  a  300-foot  depth.  This  mass  w«e  out* 
lined  on  three  occasions.  Tke  effecte  of  current  aad  time  seemed  to  elongate  tka  mass  ins  westerly  di¬ 
rection.  Diffusion  to  eome  extent  appeared  evident. 

1,  A  seqaence  of  measured  radiation  intensity  maximema  for  tke  major  active  mass  'jhow  the  ef¬ 
fective  rate  of  decrease  to  be  greater  than  the  normal  radioactive  decay  rate  for  gross  fission  product*. 
Surface  vessels  could  traverse  the  most  active  areas  without  serious  coetamiaatioe  24  hoars  after  tkia 
type  of  shot. 
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1  8#  Til#  mot#  active  matt  wm  eatimatad  to  move  it  about  0.17  mile  per  hoof  for  the  first  two  days 

or  8_wileB,  then  increaa*  npeed  to  about  0,20  mile  par  hoar. 

0,  Neer-eirifnco  contamination  probably  traveled  at  apeade  comparable  to  the  drognn  or  about,  0.67 
mil#  per  boar.  ■ 

10.  At  least  *ome  atre amtag  of  airfare  activity  cloaa  ia  aroead  the  atoll  ia  a  aoitbweetarly  direc¬ 
tion  wan  eaepectea. 

^  <» 

11,  Preehot  contamination  of  tka  ehip  radioed  the  flexibility  of  thia  at  tidy  connidembly. 


Fatira  audita  of  aimilar  design  may  baaafit  by  tbe  following  naggaetioea. 

A 


1.  A  rapid  racovtry  ayatam  for  the  dapth  probe  nqaipateat  would  have  allowad  more  diacrete 
sampling. 

2.  Tka  importance  of  aarface  poaitioa  world  indicate  the  eat  of  very  preciae  methods  for  thia  de¬ 
termination, 

3.  Several  ahfpa  working  aimiltaaaoealy  world  be  aa  aaaat.  Ueefal  radiatioa  iateeaity  level*  be¬ 
come  diepereed  rapidly, 

4r  Cable  length  a  ahoald  be  eafficleat  to  permit  bottom  Sampling.  0 

»  5,  A  complete  aaalyaia  of  energy  apectrem  aad  aoarca  compoeitk*  world  be  repaired  for  •  fill  in* 
terpretatioa  of  iaatrrment  data.  Theac  factora  caa  be  a  a  earned  to  change  with  time,  making  repeated 
analyse*  aaceaaary,  n  0 

6.  A  atady  of  tho  salt-scale  aamplaa  from  nay  slip*  a  evaporator  may  prodace  a  aee-water  sampl¬ 
ing  method  of  aimple  proportioaa.  A  considerable  concentration  factor  for  radioactivity  occur*  nor¬ 
mally  ia  thia  ayetem.  o  c 
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Drill  Hole  Logging  equipment. 
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Figure  5*  -  Serial  plot-^sea-water  intake  monitor  data.  (Radiation  intensity  versus  time.) 
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Figure  II.  -  Serin!  plot-eea-water  intake  monitor  data.  (Radiatioa  iatenaity  venue  time.) 
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Figure  30.  *  Radiation  intensity  versus  depth-cast  VII  (start). 


DEPTH -FEET 


DEPTH—  FEET 


o 


o 


o 


TifTi  'YnteiriiVu' 


*■<;%((£»  *■  K4U&H#  a'ig-aa.-.*»aS*^f-< 


-  -  _ . __W- 

COUNTS  ru  tCCOMO  X  I  coo 


*■  -  i*w  ^  a 

A 

"*•  l  )  Vlt 

■  ;>v  ■■.'■>  ) 

0 


RADIATION  INTENSITY  VERSUS  DEPTH 

Figure  3L  -  Radiation  intensity  versus  depth-cast  VII  {end). 
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RADIATION  INTENSITY  VERSUS  DEPTH 

Figure  32.  -  Radiation  intensity  versus  depth-cast  VH1. 
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APPENDIX  A 

The  seawater  monitor  ionization  chamber  was  positioned  about  a  5-foot  section  of  3-inch  inside  diame¬ 
ter  pipe  to  resemble  its  exposure  situation  aboard  ship.  Small  volume  samples*  containing  Na-24  and  1-131 
respectively,  wars  made  to  traverse  the  axis  of  the  pipe,  Afterward,  the  samples  were  dissolved  in  water. 
The  solution  formed  was  added  to  the  pipe  in  increments  of  one  liter  and  ion  current  readings  were  made 
serially.  The  information  obtained  is  plotted  in  this  appendix.  Specific  activities  were  estimated  and  the 
amperes  per  microcurie  per  liter  factors  were  calculated  for  the  two  radiation  energies  represented.  These 
factors  were  1,1  xlO’*3  amp/jWc/liter  for  1-131.  Effective  volumes  of  active  solution  received  by  the  cham¬ 
ber  were  very  similar  despite  the  wide  range  of  radiation  energies  used.  Of  interest,  a  ratio  of  the  calcu¬ 
lated  factors  lain  close  proportion  to  the  ratio  of  published  mr/hr/curie  values  forth©  two  isotopes  involved. 
The  plastic  walls  of  the  ion  chamber  cavity  effectively  provided  air  equivalent  energy  response  character¬ 
istics. 
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APPENDIX  B 

(Copy  takaa  directly  fro*  tfaa  Atonic  Eaergy  Coaumaaioa’a  iaatmctioaa 
of  7  May  1956  for  the  op eratioa  of  tkie  katreevaat.) 


OPERATING  INSTRUCTIONS  FOR 
PORTABLE  DRILL  HOLE  LOGGING  UNIT 
*  Real:  HA5L  type  TJ*2*P 
Proke:  HASUyp  Til** 

Sirface  Box:  1IASL  type  TO»8-A 
Recorded  Eatadiat-Angi*  Mold  AW 
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INTRODUCTION 

The  HASl#  Pulae  Drill  Hole  Logging  Unit  in  n  compact  instrument  for  measuring  gumma  radiation  in  drill 
hole  exploration.  A  acintillathn  type  detector  with  a  Nnl/th  crystal  in  uned,  The  probe  is  connected  to  the 
ratemeter  circuit  box,  on  the  surface,  by  a  cable  which  may  be  ns  long  as  2000  ft.  The  scintillation  pulses 

are  converted  to  uniform  size  in  the  probe.  Thus  the  calibration  is  independent  of  connecting  cable  length. 

o 

Supplied  with  the  unit  are: 

1.  One  reel  with  cable  and  probe  connector 

2.  Two  probes 

3.  One  ratemeter  circuit  box 

4.  One  recorder 

5.  Miscellaneous 


1.  Portable  Reel 
Specification* 

Cablet  2000  ft.  of  l-H-100  Amer graph  cable  (with  Kel-F  insulation). 


Rat*  of  lotting? 

a.  Manual  and  powered 

b.  Adjustable  *  maximum  of  10  ft/rala.  with  power  input  of  6  volts  at  6  imps. 
Odometer.*  Direct  drive  0000.0  feet  to  9999.9  ft. 


Recorder  Privet 


a.  Automatic  reverse 

b*  Adjustable  to  10  fl/iuch  of  chart;  T  ft/inch  of  chart 

a 

Weights  114  lbs. 


Sixes  12**  x  15**  x  201/2” 


Operatise  lastructloee 

Racofdtfs  The  recorder  is  moisted  on  the  reel  frame  allowing  the  coupling  L*m  the  reel  mechanism  to 
slip  <m  the  ball  Joint  of  the  recorder  drive  shaft.  The  coupling  It  retmctuDle  no  that  It  cm  be  held  within 
the  reel  frame  or  released  to  protrude  through  ths  frame  and  recorder  housing  to  engage  the  recorder  shaft. 
Tfaia  coupling  meat  b>  rstratlsd  when  mounting  or  rtmoviag  the  recorder. 

jhivej  The  reel  may  be  drivaa  by  either  the  six  volt  <f.  c,  motor  or  head.  Two,  tea  foot  leads  with  till- 
gator  clips  arc  used  to  supply  power  to  the  reel  from  «  battery.  Motor  speed  css  U  eo&ttofled  by  tit  vail* 
,  sble  resistor  mounted  os  the  reel  frame.  A3  position  switch  is  moulted  os  tie  frame  to  raise,  stop  m  lower 

the  cable. 

Wke*  aaiag  the  hand  drive,  dtssesgage  the  gear  that  meshes  with  the  gear  e*  the  motor  shift. 

j{  The  leagth  of  cable  played  out  is  indicated  by  aft  odometer.  The  recorder  chart  is  drives  by  the  odometer* 

j  •»<*  «»*  be  ftdjuated  to  ns  either  one  inch  per  foot  of  cable  tt  one  issh  per  tea  feet  of  cable.  Tit  ratio  fs 

j  |  dsterarisid  by  moving  the  large  Mack  laob  tear  the  odometer  is  or  oat.  11#  chart  always  rate  h  the  seat 

j 1  direction,  whether  the  probs  It  going  up  or  dews  the  drill  hole.  ^ 


m 


Maintenances  The  reel  mechanism  should  be  kept  well  oiled  and  greased. 


Probe  Cable  Connector;  To  fill  the  probe  cable  connector  with  grease,  insert  the  “xerk”  pin  in  the  small 
hole  on  the  side  of  the  connector,  Attach  noaule  of  the  grease  gun  into  the  “*erk“  pin  and  pump  gun  until 
the  grease  flows  out  of  the  cable  entrance.  Remove  the  “ierk“  pin.  This  seals  the  connector.  Lubricate 
the  “0“  ring  on  the  connector  with  silicone  grease  (Dow  Corning  33  or  equivalent). 

2,  Probe  a 

Spccificatiour. 

Power;  +1.5  volt*  D,  C,  and  +125  volts  D,  C.  “Interval”  mercury  switch  used  as  on-off  switch  for  1,5 
volts.  “0“  ring  sealed.  Linear #1866-1  or  equivalent. 

Radiation  Calibration:  550c/a  at  ,1  mr/hr  (radium) 

1800c/a  at  ,4  mr/hr  (radium) 

Detector:  Nal/th  scintillator  1-1/8, x  1-3/4“ 

Energy  cut-off  ia  circuit  approximately  80  kev, 

(V 

Weight:  8-1/2  lbs. 

Dimenaioas;  31-1/2“  L  x  2“  dia. 

Operation;  Insert  the  battery  (Everendy  “D“  cell#D99  or  equlvaleat)  in  the  probe.  Pushing  tk«  end  cap 
into  the  probe  casing,  thea  route  counter-clockwise  (looking  toward  the  probe)  until  stopped  and  pull  the  cap 
oast,  Insert  dry  cell  positive  end  (end  with  tip)  into  probe.  Replace  the  end  cap  by  pushing  it  hits  the  probe 
rotating  it,  nnd  without  great  force,  clockwise  until  stopped,  fli&t  sagaged  in  theinttrasl  locking  slat  it  will 
spring  out  slightly. 

Attach  the  probe  to  the  reel  probe  cable  connector. 

When  the  probe  ia  is  a  vertical  position  with  the  battery  end  down,  the  tube  filaments  a m  m>  By  revers¬ 
ing  the  position  so  that  the  probe  is  vertical  with  the  battery  end  up,  a  mercury  switch diicotseci*  ih»  fila¬ 
ments  from  the  battery.  Ifs  battery  is  in  the  probe  when  not  logging,  the  probe  should  always  he  is  tbs  !»lt«f 
position.  With  the  exception  of  this  battery,  ail  other  power  is  supplied  by  the  rstemeUr  control  box  on  the 
•urface. 

jMjuatcaaace;  Care  should  be  exercised  is  removing  aid  Inserting  the  end  cap  to  prevent  damaging  the 
“0*,rmge which  provide  the  water  aeal,  Theae  rings  should  be  lightly  lubricated  with  a  this  film  of  silicone 
grease  (Dow  Coming  grease  33  or  equivalent)  before  each  insertion, 

Estimated  operating  life  of  1.5  volt  “B“  cell  is  approximately  8  hours  coullauous  operation, 

3,  Riteraeter  Circuit  Box 


Power;  6,3  volts  D,  C.  at  8  amps. 
Weight:  16  lbs. 

PmeaatoBi  7-3/8“  %  19-3/8“  x  3-3/8° 

Couat  Essie;  Five  Rasies;  0  -  300 

- - 0  _  100Q 

0-3000 
O  - 10,000 
0-30,000 


m 


u 


yMKrTynnHIlwn •»* 


Tw  Cwltite  .03  « .1  *  .3  •  1  sad  3  sac, 

Operation.*  Coaaact  Use  cord  with  Hubbell  Mot  lock  to  ratemeter  J*sUce  box  marked  “6  volt  input”, 
other  fid  with  ter  mi  eel  laga  to  tansinal  atrip  on  rent  uait.  Obesrva  polarity,  rad  wire  indicate*  poaitive 
nod  black  wire  radicates  negative  polarity. 

Connect  two  p in  Caanoc  connector  cable  to  aarface  box  marked  “Rec”,  Other  end  of  cable  ia  connected 
to  the  recorder,  red  lead  to  poaitive  terminal  and  black  lead  to  negative  terminal. 

Connect  the  coaxial  cable  (with  tbe  UG-260/U  connector)  to  tbe  surface  box  marked  “input”  the  other 
ead  (Ug-931/U)  to  the  B.N.C.  connector  oa  the  real. 

Power  ia  turned  on  with  the  loggia  switch  oa  ratemeter  surface  box.  Allow  five  miautee  to  warm  up. 

Turn  “range  switch”  to  “zero”  poeition  end  adjust  control  marked  “aero”  until  the  recorder  pen  rende 
zero  on  chart  piper. 

The  instrument  in  now  rend)  to  operate,  tern  “range  twitch”  to  0,3  K  and  proceed  to  log. 

4.  Recorder 

Enterline  Angus  Model  A.V. 

Phantom  chart  drive  operated  by  odometer.  (10  ft/inch  of  chart;  1  ft/inch  of  chart) 

Meter  movement:  1  ma  full  acala,  1500  ohm. 

Uae  Eatsrliaa  Angus  chart  type  4300-D,  1  dimension  equals  1/2” 

Welihti  25  lbs. 

Operation s  Insert  Enterline  Angus  chart.  Remove  ink  Well  and  fill  with  Eaterline  Angus  ink  aad  rein¬ 
stall.  Place  pea  into  recorder.  Drain  ink  into  pea  with  rubber  tube  seeker.  Adjust  pea  balance  by  imrjltg 
the  two  threaded  weight  at  rear  of  pen.  Me*. basically  zero  pea  with  pointer  arm  at  bottom  of  recorder.  Unit 
is  sow  ready  to  record. 

Maintenances  then  not  using  recorder,  remove  pen  and  clean  remaining  Ink  la  pen.  Empty  ink  well  back 
into  ink  bottle, 

5.  Miicellaaeonn 

4 

The  following  additional  units  are  supplied  with  this  units 


a.  Circuit  din/:  for  probe,  count  mium»l#f  nesfgr s  bo?, 

b.  E«tetliae*Aagua  Instruction  Manual, 

c.  Chart  paper  4300*0,  4  roll*. 

d.  E»teriiu«*Aague  ink  kit. 

e.  4*1*1 /2  volt  “0”  cells, 
f«  Spar*  “0”  ring*. 

g*  One  grease  gun  filled  with  silicone  greuse. 
h.  Zerk  pies. 

i*  Spauaer  wruadt  for  removiag  probe  circuit  from  housing. 

j.  One  tube  of  Dow  Coming  33  grtase  for  ”0”  rings. 

k.  Spue#  fn»«*  for  turfae*  box. 

l.  Spurt  tubes  for  probe  and  surface  box, 

m.  Celibrstlos  carves. 
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